for various cardiovascular diseases, cerebrovascular disorders and cancer. The present study was carried out to investigate the effect of individual lifestyle and comprehensive lifestyle practices on T cell function in peripheral blood lymphocytes in 291 middle-aged male workers belonged to 4 occupational groups: selfemployed men (I), employees of a television station (II), local civil servants (III) and workers in a manufacturing factory (IV). The proliferative r e s p o n s i v e n e s s o f t h e l y m p h o c y t e s t o phytohemagglutinin (PHA) was measured by the incorporation of radiolabeled thymidine by stimulated lymphocytes in vitro. Interferon-γ (IFN-γ; T helper type 1 cytokine) and interleukin-4 (IL-4; T helper type 2 cytokine) production from the stimulated lymphocytes were measured by quantitative sandwich enzyme immunoassay. Interviews by means of questionnaires including 19 items related to lifestyles, work stress, life event and health condition were performed. Subjects were classified into groups reporting healthy and unhealthy lifestyles according to their responses to the individual questionnaire. Then, the relationships between these lifestyle practices and the immune parameters were analyzed at the level of the occupational groups and the pooled subjects. The average number of unhealthy practices differed significantly among occupational groups, i.e., higher Received Nov 29, 2000; Accepted July 27, 2001 Correspondence to: Y. Nakano, Division of Industrial Health, Osaka Prefectural Institute of Public Health, Higashinari, Japan in the order of I, II, III and IV. Significantly negative correlations were observed between the number of unhealthy lifestyle practices and the PHA responses both at the level of the occupational groups and the pooled subjects. In contrast, there was no significant difference in IFN-γ production among occupational groups, though the group I showed a somewhat low tendency. The levels of IL-4 in group I were noticeably higher than that in the other groups. It may be possible that severe suppression of cell-mediated immunity changes the balance of T cell subsets from T helper type 1 to T helper type 2. For each lifestyle practice, subjects reporting "healthy" practices on 7 items showed significantly greater proliferative response to PHA than those reporting unhealthy practices. Subjects reporting "healthy" practices on two items showed significantly lower levels of IL-4 compared with those reporting unhealthy practices. A 1.5-yr follow up study performed in the subjects with low PHA responses showed that the reduction of unhealthy lifestyle practices significantly improved the PHA responses. Consequently, the present study suggests that the individual unhealthy lifestyle practices may act on the immune system cumulatively, and the measurement of PHA response may be used to evaluate the lifestyle practices of middle-aged male workers at both the individual and the occupational group level. (J Occup Health 2001; 43: 321-330) 
in the order of I, II, III and IV. Significantly negative correlations were observed between the number of unhealthy lifestyle practices and the PHA responses both at the level of the occupational groups and the pooled subjects. In contrast, there was no significant difference in IFN-γ production among occupational groups, though the group I showed a somewhat low tendency. The levels of IL-4 in group I were noticeably higher than that in the other groups. It may be possible that severe suppression of cell-mediated immunity changes the balance of T cell subsets from T helper type 1 to T helper type 2. For each lifestyle practice, subjects reporting "healthy" practices on 7 items showed significantly greater proliferative response to PHA than those reporting unhealthy practices. Subjects reporting "healthy" practices on two items showed significantly lower levels of IL-4 compared with those reporting unhealthy practices. A 1.5-yr follow up study performed in the subjects with low PHA responses showed that the reduction of unhealthy lifestyle practices significantly improved the PHA responses. Consequently, the present study suggests that the individual unhealthy lifestyle practices may act on the immune system cumulatively, and the measurement of PHA response may be used to evaluate the lifestyle practices of middle-aged male workers at both the individual and the occupational group level. Over the past decade, the environments and lifestyles of workers in Japan have changed noticieably due to alteration of the structure of industry and technological innovations. Under these circumstances, the levels of many aspects of work-related stress have increased 1) . Unhealthy lifestyles and stress have been shown to be associated with the risk of cardiovascular disease and cancer 2, 3) . Recent psychoneuroimmunological studies have revealed that bi-directional communication occurs between the central nervous system and the immune system via neuropeptides, stress and growth hormones, and cytokines 4) . Human immune function undergoes adverse changes with an immune disregulated state. Acute stress activates the expression of c-fos protooncogene, corticotropin-releasing factor (CRF) and IL-1α within the brain 5) . These mediators activate the sympathetic nerve system and the hypothalamo-pituitaryadrenocortical axis 6) . Immune alteration associated with stress has been evaluated based on cell-mediated immunity such as lymphocyte proliferative responses 7) , natural killercell activity 8) , lymphocyte subsets 9) and immunogloblin production 10, 11) . It was recently shown that the CD4 + T lymphocyte population is comprised of at least two subsets termed T helper type 1 (Th1) cells and T helper type 2 (Th2) cells 12) . These cells differ in their cytokine production profile. Th1 cells produce mainly IL-2, interferon-γ and IL-12, whereas Th2 cells produce IL-4, IL-6, and IL-10. Th1 cells are involved in cell-mediated immunity and have anti-tumor responses 13, 14) , whereas Th2 cells are critical for humoral immunity, especially IgE synthesis 15) . Various factors, such as stress, disease or age, have been reported to change the balance or distribution of these T cell subsets, which affect cytokine profiles in peripheral blood mononuclear cells (PBMC) 12, 16) so that measurement of these cytokines may also be useful for evaluating immune function.
In addition to stress, immune indices are affected by various other factors as follows: exercise enhances natural killer-cell activity 17) ; cigarette smoking affects NK activity 18) ; sleep disturbance suppresses immunity to influenza virus infection 19) ; bereavement suppresses lymphocyte proliferation 20) ; protein-malnutrition impairs cell-mediated immunity 21) ; essential fatty acids have the potential to inhibit various aspects of human lymphocyte cell-mediated and humoral immune reactivity 22) ; obesity suppresses mitogen-induced lymphocyte proliferation and enhances natural killer cell activity 23) ; diseases suppress cytokine production 24) ; production of antibody to sheep erythrocytes is enhanced by drug medication 25) . These variables are complex and probably exert a cumulative effect on the modification of the immune system. Therefore, investigation of the immune-system response must be conducted with these variables taken into consideration, but the relationship between comprehensive lifestyle practices and immune functions other than NK cell activity 8) has been rarely studied. We recently demonstrated that work-related stress suppresses T cell proliferative activity and induces interleukin 4 (IL-4) production 26, 27) . In the present study, we measured T cell function by the polyclonal proliferative responses and cytokine production in the peripheral blood lymphocytes of middle-aged male workers belonging to four occupational groups and interviewed each subject on lifestyle, stress, life events, and health condition. The answers were classified as healthy practices and unhealthy practices according to the criteria established in our laboratory. From the individual answers to the questionnaires, the total numbers of unhealthy lifestyle practices were calculated as comprehensive unhealthy lifestyle practices. Then the relationships between these numbers and the immune parameters were analyzed at individual and occupational group levels. We will show that the lifestyle-related factors may influence the immune lymphocyte proliferative responses and Th1/Th2 cytokine production in middle-aged male workers.
Materials and Methods

Subjects
Two hundred and ninety-one male subjects aged 41 to 60 yr were recruited from the following four occupational groups: self-employed men living in a certain city (I), II, employees of a television station (II), local civil servants (III), workers in a manufacturing factory (IV), as shown in Table 1 . Examination of the four groups was conducted at each term of the mass medical examination. Subjects were selected by random sampling: every 2 to 7 persons of ID number. Sampling was always done between 10:00 a.m. and 12:00 on Monday. After informed consent was obtained, interviews on health status and peripheral blood collecting for the immune survey were performed. No subjects were exposed to any toxic substances in the workplace. In order to conduct a follow-up survey, 6 subjects were selected from local civil servants whose PHA responses were low. After the first examination, they were taught so that their unhealthy lifestyles might be improved. The second interview on lifestyles and examination of the PHA responses were performed 1.5 yr after intervention. In these experiments, five staff members in our laboratory were used as untaught controls.
Questionnaires and their evaluation
Personal information was obtained with a uniform questionnaire composed of 19 items for assessing lifestyle-related factors as shown in Table 3 in the results. Items were chosen based on health practices developed by Berkman and Breslow 28) , the questionnaire on work stress developed by Karasek 29) , the life event rating scale of Holmes and Rahe 30) , the stress-related symptoms and diseases developed by Ader 31) , and previous studies in our laboratory 27) . These included 4 categories of items: 1-8, life styles: 9-17, work-related stress: 18, life events: 19, health condition. Thus, work related factors were interviewed minutely. Life event and health condition in the previous year were used. Subjects answered descriptively or selected one of five multiple-choice answers (five point scale, 'Very much so', 'Moderately so', Somewhat', 'Seldom' and 'Not al all') to each inquiry. The answers were individually collected and classified as either "healthy lifestyle" or "unhealthy lifestyle" using the criteria shown in Table 3 . For the five-choice answers, the worst selection was estimated as an unhealthy lifestyle. Health condition was estimated as unhealthy when having stress-related symptoms, taking medicine, having abnormal values in the blood test (total cholesterol level, liver function, fasting blood sugar), urine test (protein, sugar, bleeding) and blood pressure. Then, all unhealthy lifestyles in each subject were summed up as comprehensive unhealthy lifestyle practices. Subjects were then classified as either having good lifestyles (0-1 unhealthy practices), moderate lifestyles (2-3 unhealthy practices), or poor lifestyles (4-6 unhealthy practices), respectively.
Peripheral blood mononuclear cells (PBMC) proliferation assay
Venous blood (8 ml) was collected in syringes at 11:00-14:00, and was immediately combined with 1200 U heparin. It was then kept at room temperature until assay. PBMC were separated using cell preparation tubes with sodium heparin (Vacutainer CPT, Becton Dickinson, NJ) and washed twice in RPMI 1640 (Nissui, Tokyo). Triplicated cultures of 1 × 10 5 PBMC in 0.2 ml RPMI 1640 were stimulated with 10 µg/ml PHA (Difco, Detroit, MI) supplemented with 5% heat-inactivated fetal calf serum (Gibco Laboratories, Grand Island, NY), which produced low productions of background proliferation (cpm<1000), 100 units/ml penicillin (Banyu, Tokyo), 100 µg/ml streptomycin (Meiji Seika, Tokyo) and 2 mM Lglutamine (Nissui). The plates were incubated at 37°C for 72 h in a humidified atmosphere containing 5% CO 2 in air. Each well received 0.5 µCi [
3 H]-thymidine (Amersham Japan, Tokyo) 6 h before the termination of the experiment. Cells in individual well were transferred onto glass filter mats with a cell harvester (Flow Laboratories Inc., Dolasletta). [ 3 H]-thymidine incorporated into cells was measured with a liquid scintillation counter (Packard, Meriden). The results were expressed as the average cpm. The culture reagents and the conditions were usually ascertained to be optimal before assay of PBMC of 2 staff members whose PHA reactivity was already known. In the examination, the PHA responses of 3-5 staff members in our laboratory were usually measured as controls in each experiment.
Induction and quantitation of IFN-γ and IL-4
For cytokine production, PBMC were cultured for 72 h by the same procedure as for PBMC proliferation assay with the addition of 10 µg/ml PHA. The culture supernatants were stored at 30°C until measurement. The production of cytokines in the supernatants was determined by human IFN-γ, and IL-4-specific enzymelinked immunosorbent assay (ELISA) (R and D System, Minneapolis). The ELISA was performed according to the manufacture's specifications. In brief, 100 µl of culture supernatants was added to flat-bottomed microtiter plates coated with murine monoclonal antibody to each cytokine. After incubation of the samples for 2 h and subsequent washing of the wells, a horseradish peroxidase-linked polyclonal antibody, specific to each cytokine, was added. After a second 2 h incubation, the excess unbound antibody-enzyme was removed by washing, and the substrate solution was added. The optimal density of absorbency was determined after 20 min-incubation with a Multiskan Bichromatic microtiter plate reader (Labsystems, Helsinki) at 450 nm and the amount of each cytokine was determined from a standard curve prepared using human recombinant IFN-γ and IL-4.
Statistical analysis
The data were analyzed with the statistical software 'Statistica' for Windows 95 (StatSoft, Tulsa). Differences in the number of unhealthy lifestyle practices, PHA responses, the levels of IFN-γ and IL-4 among the occupational groups were analyzed by one-way analysis of variance (ANOVA); Duncan's test was used to determine the significance of differences. Differences among subject groups classified according to the criteria for lifestyles in mean immune responses were analyzed by Student's t-test after an F test of variance was conducted. P values smaller than 0.05 were considered to be significant in all analyses. 
Results
Relationships among immune parameters PHA-induced lymphocyte proliferation, and PHAinduced IFN-γ or IL-4 production of PMBC from 291 middle aged male workers belonging to 4 occupational groups were measured and the relationships among these parameters were analyzed. Significant correlations between PHA responses and the levels of IFN-γ were observed in three occupational groups, self-employed The relationships among these parameters were also significantly correlated in the 291 subjects collected from 4 occupational groups (Table 2 ). In contrast, there was no significant correlation between the PHA responses and the levels of IL-4, or between the levels of IFN-γ and the levels of IL-4 in each occupational group and in pooled subjects (Table 2) .
Relationships between lifestyle practices and the immune parmeters
As shown in the Materials and Methods, the answers to the questionnaire were individually collected and classified as either "healthy lifestyle" or "unhealthy lifestyle" by using the criteria shown in Table 3 . Unhealthy lifestyles in each subject were summed up as the comprehensive unhealthy lifestyle practices. In the next study, the relationships between these unhealthy lifestyle practices and the immune parameters were analyzed at the levels of each occupational group and the pooled subjects. Average unhealthy lifestyle practices of each occupational group differed significantly, i.e., higher in order of self-employed men (I), employees of a television station (II), local civil servants (III) and workers in a manufacturing factory (IV) (Fig. 1, A) . In contrast, average PHA responses were higher in order of the occupational groups: IV, III, II and I (Fig. 1, B) . The number of unhealthy lifestyle practices was negatively correlated with the PHA responses (r= 0.99, p<0.05).
In contrast, there was no significant difference in IFN-γ production among occupational groups, though occupational group I showed a somewhat low tendency (Fig. 1, C) . The levels of IL-4 in occupational group I were noticeably higher than that in the other groups (Fig.  1, D) . Significantly negative correlations between the number of unhealthy lifestyle practices and the PHA responses were also observed on an individual level in each occupational group (Fig. 2) and the pooled subjects collected from 4 occupational groups (r= 0.37, p<0.05).
There was no significant correlation between the number of unhealthy lifestyle practices and other immune parameters on an individual level.
The relationships between individual lifestyle-related factors and the immune parameters were analyzed for the pooled subjects. The relative effect of lifestyle-related factors on the PHA responses, IFN-γ and IL-4 production are shown in Table 3 . With respect to working hours , and health condition (p<0.001), subjects reporting healthy practices showed significantly higher PHA responses than those reporting unhealthy practices. With respect to decision latitude (p<0.01) and work load (p<0.05), subjects reporting healthy practices had significantly higher levels of IFN-γ than those reporting unhealthy practices. In contrast to expectation, subjects having healthy sleeping patterns had significantly lower levels of IFN-γ (p<0.05). In contrast, with respect to commutation time (p<0.001) and sleeping time (p<0.05), subjects reporting healthy practice had significantly lower levels of IL-4.
A follow up study on the lowPHA responders Immediately after the first interview on lifestyles and the examination of immune function of PBMC, 6 subjects were selected from among local civil servants whose PHA responses were lower than 20,000 cpm. All these subjects reported working overtime and having strong mental stress at work. After the first examination, they were taught so that their unhealthy lifestyles might be improved. The second interview on lifestyles and examination of the PHA responses were performed 1.5 yr after intervention. The individual PHA response in the second examination was significantly increased compared with that in the first examination (Fig. 3.  Standard errors are not shown) . The mean PHA responses in the second examination (36, 332 ± 5,875 cpm) were also significantly increased compared with those in the first examination (14,366 ± 2,109 cpm) (p<0.05). The mean number of unhealthy lifestyle practices was reduced from 3.75 ± 0.35 to 2.78 ± 0.67, although the difference was not significant. It was found that the main improvement in lifestyle practices was the reduction in working hours involving commuting time, and the increase in the hours for hobbies and exercise. In contrast, the PHA response and the number of unhealthy lifestyle practices of staff in our laboratory (untaught controls) were unchanged, i.e. the mean PHA responses were 30,806 ± 3,715 cpm in the first examination and 28,687 ± 5,657 cpm in the second examination. The mean number of unhealthy lifestyle practices was 2.85 ± 0.38 in the first examination, and 2.95 ± 0.56 in the second examination.
Discussion
It is well known that immune suppression leads to disease, such as cancer and infectious disease. Massive doses of radiation or steroids have profound immunosuppressive effects and direct health consequences. Studies on stress-immune function-illness models among caregivers of dementia patients 31) , medical students during examinations 32) , and a longitudinal study in adolescents 33) reveal that high stress and low immune function are associated with subsequent illness. Suppression of immune function by severe and longlasting stress such as bereavement is life-threatening 34) so that the change in immune function predicts subsequent health condition. Recent studies have demonstrated that the immune system is affected by various unhealthy lifestyle practices. Among these systems the proliferative response of PBMC to polyclonal mitogens, such as PHA or concanavalin A (ConA) are widely used to measure T cell mediated immune function 35) . PHA stimulates the majority of lymphocytes to transform but B and null lymphocytes displayed a delayed peak of DNA synthesis in comparison with T cells. Mitogen response yields reproducible results, if the method is standardized 36) . In the present study, PHA response in controls was unchanged between the first and second examinations as shown in Fig. 3 . It has been suggested that individual lifestyle-related factors affect the proliferative response of lymphocytes to these mitogens as follows; work stress suppresses PHA and ConA responses in PBMC 26, 27) ; a high loneliness group showed lower PHA response 9) ; bereavement reduces PHA and ConA responses 37) ; sleep deprivation suppresses PHA response 38) ; exercise enhances these responses 39) . In other words, these immunological changes may be available to measure unhealthy lifestyle practices, though their significance is not yet known at present. In the present study, we confirmed that middle aged male workers reporting healthy practices related to working hours, enjoying hobbies and exercise, smoking habits, work stress, life event and health condition had significantly higher PHA responses than those reporting unhealthy practices. Moreover, we found that the PHA response of PBMC from the subjects showed a significant negative correlation with the comprehensive unhealthy lifestyle practices at individual and the occupational group levels. These results suggest that individual unhealthy lifestyle practice may act cumulatively on the immune function. Average PHA responses and the number of unhealthy lifestyle practices differed among occupational groups. These differences were not due to variation in the examination day, because assay methods were standardized and the PHA response of the control was always unchanged. Recent studies have suggested that the PHA responses may be improved by changing lifestyle practices. For instance, endurance training in later life is associated with an improvement in lymphocyte proliferation to mitogens 39, 40) . We confirmed in the present study that PHA response was significantly improved with the reduction in unhealthy lifestyle practices in follow up studies of local civil servants.
Studies of immune function in humans are constrained by methodological limitations including the preferential use of non-invasive measures and the restriction to studies of specific body compartments such as peripheral blood and skin, to the exception of the spleen, lymph nodes, and thymus. In animal studies, differences between the immune function of lymphocytes in peripheral blood and that in the spleen, i.e. different effects on lymphoid compartments, after stress have been reported 41) . In humans, changes in the number and function of circulating immune cells may not mirror changes in the same cells in other parts of the body 42) . However, because of easy access, PBMC are the most frequently used samples for defining immune function in human studies and significant information can be obtained by studying the changes in peripheral blood lymphocyte function caused by various health risk. Several longitudinal studies have suggested that poor cell-mediated immune function in PBMC predicts morbidity and mortality in the elderly 43) . There are many methods for measuring lifestyle-related factors by means of self-reporting questionnaires. Representative methods for assessing stressors include the Social Readjustment Rating Scale developed by Holmes and Rahe 30) , and Daily hassles developed by Lazarus 44) . Commonly used methods based on the theoretical model of occupational stressors include the Job Content Questionnaire 29) , and the NIOSH Generic Job Stress Questionnaire 45) . Morimoto developed a questionnaire regarding eight recommended health practices which were modified from the seven health practices found to be related to physical health and subsequent mortality rates in the Alameda Country study 46) . The General Health Questionnaire is a selfadministered screening questionnaire, aimed at detecting diagnosable psychiatric disorders 47) . Despite increasing studies in this area, few methods for scoring comprehensive lifestyle-related factors have been established. Interviews on lifestyle-related factors in the present study may be incomplete, because our questionnaire did not involve factors related to dietary nutrition balance. Questionnaires involving more comprehensive lifestyle-related factors are required to promote the negative relationship between unhealthy lifestyle practices and PHA responses.
IFN-γ production undergoes inconsistent changes in the health condition. Strenuous exercise suppresses the production of IFN-γ 48) . Exam stress in healthy students decreases PHA/PMA-stimulated IFN-γ production accompanied by increased IL-10 production 49) but IFN-γ production increases at a specific time in infection 50) . In the present study, we demonstrated that some individual lifestyle-related factors affect IFN-γ production from PHA-stimulated PBMC but subjects with an unhealthy sleeping pattern had significantly higher IFN-γ production. Further investigations are required for understanding the relationship between IFN-γ production and lifestyle-related factors.
We recently reported that work stress induced by economic depression enhanced IL-4 production in taxi drivers 27) . IL-4 production by ConA-stimulated spleen cells increased during infection 51) . In the present study, subjects with unhealthy one-way commuting time (>20 min, ≤90 min) had significantly higher levels of IL-4 than those with healthy one-way commuting time. The IL-4 levels in the self-employed persons were noticeably higher than that in the other groups. They had much more extensive unhealthy lifestyle practices. It is therefore possible that some poor health conditions may cause a shift in the Th1/Th2 balance towards Th2, although the levels of IFN-γ were not significantly associated with those of IL-4.
T cell mitogenesis in response to PHA and ConA diminishes with aging. The effect of age on the production of cytokines other than IL-2 has been less extensively studied in humans but it was reported that mitogen-induced IFN-γ production in PBMC does not change with age, whereas mitogen-induced IL-4 production increases with age 52) . In the present study, no age-related differences in the three immune parameters among male subjects were found (data not shown). Thus, differences in immune function among subjects may be attributable to lifestyle practices.
Several studies have suggested that lifestyle-related factors may affect mental health and therefore examined the relationship between health practices and mental health status. Simonsick demonstrated a close relationship between poor health practices and the risk of depression and nervous breakdown 53) . Irie et al. reported that several factors such as perceived illness, perceived health status, perceived stress, difficulty in dealing with stress, and increase in stress production are related to negative mental health according to the GHQ scores 54) . There is now evidence that depression is accompanied by signs of an immune response, and that there are inverse relationships between immune function and increased hypothalamic-pituitary-adrenal axis activity in depression 55) so that modification of the immune system by the risk factors for health may be mediated by activation of the sympathetic nerve system and the hypothalamo-pituitary-adrenocortical axis. It is possible that this modification may be a defense reaction to unhealthy lifestyle practices. Further studies on the possible immune-modulators hormones or neuropeptides of suppressed T cell activity among people reporting unhealthy lifestyle practices are warranted.
